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ABSTRiiCT 

In Its role of supporting the DOE Notional 
I’hotovoltnlc I’l'ogrnni, the NASA-LoRC Is designing 
and fabrlcotlng a stnnd-nlone photovoltaic power 
aystcK for instollntlon in the Pnpngo Indian vil- 
lage of Schuchull, located approximately 120 miles 
west of Tucson, AE, This village presently liaa no 
electrical polqr, Tlie photovoltaic system li being 
designed to provide electricity for vlllnge water 
pumping and hnslc domestic needs ns part of a cost- 
shared experiment Involving LeRC, the U.S. Public 
Health Service and the Pnpngo Tribe of Arizona, 

The aystoia will consist of n 3.5 kW (peak) photo- 
voltaic array; controls, Instruraentatlon , and 
storage batteries located In an electrical equip- 
ment building; and a 120 volt DC village distribu- 
tion network. The photcvoitaic system will power 
n 2 HP DC electric motor (replacing an existing 
dlcBol engine) for water pumping; 15 refrigeration 
units, n washing machine and a sewing machine In a 
domestic services building; and fluorescent lights 
in the feast house, church and each of the 15 
liomcs in the village, 


INTRODUCTION 

Tlic NASA Lewis Research Center (LcRC) , acting 
on behalf of the Department of Energy (DOE) , is 
planning a pliotovoltalc village power experiment 
in Schuchull (Cunslght), Arizona, locotcd about 
120 miles west of Tucson on the Pnpngo Indian 
Rcsarvatlon. Other participants in this cost- 
shared experiment include the Public Health Servles 
(PHS) and the Pnpago Tribe of Arizona (PTA) . Some 
of the funds for the PTA portion of the project are 
being provided by the Four Corners Regional 
Commission. 

This paper dlacusses the design and fabrica- 
tion of the photovoltaic system to be installed 
including a brief description of the selection 
process employed in choosing the village of 
Schuchull and the specific load devices to be 
powered. Supporting activities arc also discussed 
briefly, 

DACKCROUND 

The DOE is pursuing o National Photovoltaic 
Conversion Program aimed nt developing cost- 


effective photovoitnie power systems capable of 
providing n significant amount of the nation's 
energy rcqulremonts by the year 2000, Tills pro- 
gram lias been divided into several projects, one 
of which is the Tests and Applirntions Project 
which la being managed for the DOE by the LcRC, 

One of the objectives of this Project is to 
acqu.nlnt potential users wltli tlie features of 
photf/volcaic power systems to occolerat^ their 
entry Into tlic commcrcl.il market. Applications 
which Indicate nenr-torm cost-effoctlvenesE, tech- 
nical feasibility, nnd/or aubstantlnl use multi- 
plication arc considered for Joint, cost-shared 
experiments. 

Through discussions with the Publ.ic Health 
Service (PIlS), Tuesrin, one auch appHcdtlon was 
identified; village power for remote Indian vil- 
lages. Technical criteria were established 
jointly by the LcRC and PUS to enable selection of 
a specific vlllnge for n photovolCnle experiment. 
Roprosontatlves of the Papago Tribe of Arizona, 
using the LoRC/PHS technical criteria as n guide, 
selected Schuchull for the experiment. This vll- 
lnge, shown in Figure 1, is located on the western 
edge of the Pnpngo Reservation nril consists of 15 
fomilles (95 people) . No electric power service 
is available to the vlllnge. Petroleum fuelled 
equipment is used for pumping water. The diet of 
the villagers Inelndes items such as chili, beans, 
tortillas and commercially available nonporlshablo 
vegetables and canned foods. Food Is generally 
purchased at Ajo, about 20 miles from Schuchull, 
with only ice chest storage avallnhlc. Cattle 
raising and wild game hunting provide an occaslonnl 
supplemental source of food. Moot dwellings in 
the village are of traditional adobe coniltructlon 
with a few of masonry block construction. Lighting 
is provided by kerosene lamps. 

RcpresentatlvoB of the Papago Tribe and the 
village approved the installation of the photo- 
voltaic system for the village of Schncliiill, The 
selection of the loads to be powered was based on 
a prioritized list developed by the villagers. 

An electric motor to operate the existing water 
pump was an obvious choice to replooo the 7 HP 
diesel engine currently used. This will eliminate 
the cost burdens associated with diesel fuel and 
maintenance which place a strain on the financial 
resources of the village. In addition, the vil- 
lagers agreed to use other load devices 


(tippllniicoii) in a cammunnl f.-uihion unit approved 
tho cuautruction of a (iDmestlc ocrvlcoa biilldini; 

Co hoUBo elm applIaiTC’ii. Tim ottmr load doviccn 
choiien by elm vlllap.ora baaed on power avallnbilley 
and tmed nro Hated below In order of priorltyt 

1) A IIbIic lu elm kltclien of each lioaae 
i) A light in another room of each honne 
1) Liglita ill a community bulldlnR and fenot lioiieo 
4) llefrigeratora In a comraimity build log 
5} Waal) lap, mncliine 
6) Sewing mactilnc 

Following elm alee uelectlon and tim prelimi- 
nary definition of the photovoltaic power ayatein 
and load a, n Metimrnndiim of UndcrBCnndlng and an 
Implcraontntlon Plan wore prepared defining roles 
and responsibilities na follows: The DOE/NASA-tvcRC 

Is responsible for the design, fabrication and in- 
stallation of the pliotovoltnle power system, elm 
electrical equipment building, and load devices. 

Till' Papago Tribe lias overall responsibility for 
the electric uistrlhiition network and the domestic 
aervlics building, The PUS is responsible for the 
well and pump, and water drainage ns well ns on- 
site project coordination. The duration of the 
experiment is two years with Installn lion sclicd- 
ulcd for the Fall of 1976. 

SYSTEM DESCRIPTION 

The Schimhull Photovoltaic (P/V) Village 
Power System consists of a 3.5 kW, 120 volt DC iVV 
array field, 2380 anpere-hours of battery storage, 
controls and instrumentation, and a pole line elec- 
trical distribution network. Tliq batteries and 
controls arc located in an electrical equipment 
building (EES) as Indicated In tlm block diagram of 
Figure 2. The P/V array field and EEIl are located 
In tlm vicinity of tlic exlsclng well, as shewn in 
Figure 3, to minlmlxo puwer losses to the largest 
electrical lood. 

An all DC system was selected to avoid the 
losses associated with commcrLlnlly available DC/AC 
Inverters and Imnco ronxlmlac system efficiency. 

Tlm system voltage was set nt 120 volts to meet 
electrical code requirements for distribution line 
losses and to enable use of commercinlly nvollnble 
switches and appliance motors , The load devices 
wore individually soloctcd on tlm basis of energy 
efficiency. 

System design, exclusive of the polo lino dis- 
tribution network was performed by LeRC personnel. 
The polo line distribution network was designed by 
the Papago Tribal Utility Authority. Modules for 
tlm P/V array field wore supplied from the DOE/JPL 
Block II procurement. A brief description of the 
major system components and features follows. 

Loads Slid Load ProCllos 

The P/V power system provides power for n vil- 
lage water pump, village lighting, IS refrigeration 
units, a clothes washer and a sewing mnchlue as 
described below: 


Water Pump. - A 2 HP permanent magnet 120 volt 
DC motor will be used to power an cxlntlnr, jack 
pump on the mnln well. The pump deliver/: approxi- 
mately 1100 gnl/limir Into the village water dis- 
tribution system wlilelt IneluUcs an 11,000 gallon 
stornge tank loratnl approximately 1200 feet from 
the well. LeRC and PUS personnel Jointly esti- 
mated water consumption for vlllngers nnd Uventoek 
to range from 2500 gal/dny in the winter to 5000 
gal/day In the summer. An additional 960 p,al/day 
was estimated by LeRC '.o be required for tiie 
clothes washer. Total pumping time therefore 
rnugOB from 3,1 hours/day In the winter to 5,4 
hours/day In the summer, A euiitrol system limits 
pumping to daylight hours roughly centered about 
mid-dny, exeept for emergency nltuatlono. Another 
well, powered by n gasoline engine, ciin provide 
Water If problems occur with the main well or P/V 
system. 

Lights. - A total of 44 20 watt/12C VDC flun- 
rescent lights will be installed in the village. 

The lights will employ a special design 120 VDC/ 

23 kllz Inverter bnllnst wlilch enables the lamp to 
prodticc tltc same number of lumens as a 120 VAC/ 

60 Hz ballast. The lights will be distributed as 
follows: 2 in each of the 15 houses, 6 in the 
feast house, 2 In the. demestic services building, 

2 in the cliurch nnd 4 in tl:e electrlcnl equipment 
bulldl:ig, A Jiglitliij! load profile was generated 
by LeRC after consultation with the Schueliull 
Village Chairman, '■’’'o totnl load profile varies 
with time of year as does the morning find evening 
distribution of the profile. 

Rofrlgorntlon Units . - A totol of fifteen 
(15) 4 cubic foot refrigerators (with a small 
freezing compartment) will bo provided in the do- 
mestic services building. These refrigerators are 
n custom design developed by a manufacturer of 
marine refrigerators and will bo completely in- 
stalled with n ralnlmum of 3 inches of pjlyurethane 
fo.am. Each will have an automatic door closer and 
a key lock. Throe refrlgerstors will be assembled 
as a unit and powered from n single compressor 
with a 1/8 HP 120 VDC permanent magnet motor, Tlic 
manufacturer reports that tlie duty cycle sliould be 
about 25% "on" In a 110“ F ambient environment 
based on test results from a slttlllnr unit. The 
refrigerator evaporator cold w.all contains n re- 
frigerant gel which is frozen hy the refrlgorne.t 
clrculotlng In the system. The refrigeration 
units will be located against the north wall of 
the domestic services building in n locker-type 
arrangement with the compressors locntcd on Ihe 
outside of this wall for Improved heat rejection. 

Clothes Washer . - A standard wringer-type 
washer has been procured and fitted with a 1/4 HP 
permanent magnet 120 VDC motor, A wringer-type 
washer was selected for overall simplicity and to 
reduce water consumpeion, Tlic washer, operated 
from a clock timer, can be run for 12 hours/day, 
seven days n week. At 1/2 hour/load, this pro- 
vides for washing approximately 1.75 londs/pcrson/ 
week. Water consumption was estimated at 40 gal/ 
load. 


Si’wlitR Machine, - A cOmmerclaUy nvaUnble 
ocwlnf! macirinc wUh a vavloiy of mHU’Iicii, a Ur, lit 
aiiJ a 1/8 IIP, 120 V uiiivcvmil motor will ho inatal- 
U'll in the domeotic iicrvlccu biiUdlnd. For Byatcra 
I) (a Ini', pucfoiicn, the unit wan amiumcd to operate In 
the late al'ionuwn for 3 houru/day. 

P/y Array and^JiaJLtcrji S^Ulnji 

The deulp.n of a P/V oynccm dopondti nlmoBt en- 
tirely en two f.netorm an accurate definition of 
load power retjulrcnientn and duty eyeJoo, and the 
determination of the proper nlze p/V array and 
enerr.y atorage rapacity, In addition, loadi) should 
be donlgiu'd or modified to operate only when re- 
quired and oliould be nelected baued on tliolr energy 
efClcleney charaeterlBtlcH, 

Tlie baalc apptoaci) to determlnliiB P/V array 
nl;;o ami battery capacity la to match the combina- 
tion of p/V array output and cnorgy ntorage ca- 
pacity to the load requlrcnicnta. For utand-aiouo 
ayutemu, thin meana that the P/V array must acuer- 
ate enough power to moot the total annual load re- 
qiilreroeiufi ineludlup, battery cUarslng inoftlclon- 
ivleo, and that tlio bntCcrlea munt be lafRc enotigb 
to uuBtaln oystcni operation during periods of 
below average uoaaoiml and diurnal lunolntlon, 

LeKC ban developed a computer program which 
determines average hourly P/V cell outptit by month 
for a particular location and also calculatea P/V 
array sice, tilt angle and battery storage cniviclty. 
Inputs to the P/V cell output calculation are 
average monthly vnluos of Insolation, skycover 
from the Climatic Atlas, prcclpltablc viator and 
atinospborlc turbidity; and solar cell area, effi- 
ciency and maximum power voltage, Tlic P/V system 
simulation uses the output from tlio P/V cell cal- 
culation and matches It to an hourly load profile. 
The simulation progrnm provides monthly system out- 
puts for a 16 month period for specified numbers 
of scrlos strings, battery capacities and tilt 
angles. The slraulntlon Includes provisions for 
P/V modulo degradation and random variation In in- 
solntloii. The P/V array and battery are generally 
sized to limit battery maximum deptli-of-dlscbnrge 
to about 502, Tilt angle Is selected to optimize 
the array size and battery capacity. Selection of 
the optimum array size and battery capacity combi- 
nation can bo modified by system considerations 
(e,g,, pbyslcnl limitations for P/V array or bat- 
torlcs) or ocooomic considerations. 

Using tills sizing progrnm, bellC has determined 
that the P/V array for Scbuchuli should be 3.5 kW 
and that the battery capacity should be 2380 
nmpero-liours . Tlie sizing Indicates that, with 202 
degradation of coll output due to potential encap- 
aulunt darkening and dirt nccumulntlon, and a 1202 
variation from average values of Insolntlon, the 
buttery maximum deptli-of-discbnrge should bo about 
602. 

p/V Army 


modulcB connected in series to make up a 12ti Vlu; 
aeries string. The panels will be arr.nu’.cii In 1 
rows of 8 ,nid will be loc,ited In a 70' x liHi' 
fenced area. The DcconJ and third rows will be 
nteppcil 6" and 12" higher than the first row to 
minimize nltadowlng ami row ap.ielng. The panel 
frame and support strnctnre ban been deulgncd to 
wltlnicand 100 mph wind loaJa ami will be l.ibrleaieil 
from commercially available hardware. Tilt angle 
will be adjusted A timen a year to 3, 5" (mimraer), 
26* (spring and fall), and 68® (winter). 

batteries 

The battery storage will conslnt of 51 each 
2380 ampere-lunir capacity celln connected In iict'en 
with a parallel arrangement of 6 pilot cells for 
load nianagcmeiit. One pilot cell baa a 1055 ampere- 
bour capacity and the other 1 liave 310 ampere-lanir 
capacities. All capacities are at a 500 hour 77® F 
discharge rate, The cells were designed for opera- 
tion with P/V systems and have lead-calelnm platen 
capable of deep dlncbarge cycle operation. The 
batteries will be housed In a separnte, vi'ntt\l room 
In tlio oloctrlcal equipment building, 

l oad Hana gcinont 

nccaiise of unknowns In the use of the loads 
and variations in Insalniloii, a load management 
subsystem wan Incorporated into tlie design to (1) 
protect the batterieu from excessive dlncbarge and 
potential dmnage, and (2) to maintain oper.itlon of 
the more critical loads at the expense of lean 
critical loads. The lo.ad management subsyntem se- 
quentially dlseonnccts lo.adn an the battery ca- 
pacity decreasen to preset leveln. 

At 502 deptb-nf-dlscbarge , the wasbiag and 
sewing machines arc disconnected, at 602 the lightn, 
at 702 the water pump motor, and finally at 802 
dcptli-of-dlsehargo the refrigorators are discon- 
nected. As the batteries arc recUarged, loads are 
sequentially reconnected Into the system In reverse 
order. The four pilot cells provide sensing of 
the dcpth-of-dlachargo. 

Sys tem Voltage Rogii 1 a tlon 

System voltage Is regulated by orray string 
BWltclilng, There are relays (one per string) wlilch 
connect the strings to the main bus or open circuit 
the strings through a field-programmable drum relay. 
Tba drum relay Is commanded to Increase or decrease 
tbo number of connected strings by a controller 
wbicb senses system voltage. This same drum relay 
Is also used for the load management subsystem. 

In addition to system voltage rognlatlon, 
under and over voltage protection Is provided. If 
system voltage exceeds the maximum allowable value, 
the P/V array is dlscomiccccd . If system voltage 
drops below the minimum allowable, the loads arc 
disconnected. Alarm lights are provided for those 
Londltlons . 


The 120 VDC 3.5 kW (peak) P/V array will con- 
sist of 2/(,A' X 8' panels. Kacli panel contains 8 


Imit riimcntn clou 

Tito SchiicItuU VlUnBU P/V power uystom io mi 
cxporiraont.-i]. ayniem mitl la romplocoiy InatrumL'iitod . 
Tlu'ro arc two imlcpoiiilcnc Xmitriiniontutloii mibayn- 
tcinii; n ponol nioter nubayatcni iiml at) automotlo 
iMuncttc (latn rcrordor. The panel motoni will bo 
road dally by n villaBc rculdont who will bo 
trained to take roadiiiBa and to rccoBiilKu nnomntouo 
operation. MoaBiiromcntu will nluo be recorded 
every llftcon mlnuteu by the otitomntlc data oyatem. 
The raaiietteu will bo nailed to LcRC for mmlyala 
no will the panel neter data, 

t'iiramotera to bo ncauiired Include curronta, 
voltagcB and ampere-houro for the p/v array, bat- 
terloB and all londB. Kiin-tlme motoni will be pro- 
vided fur encti load and water conaumptlon will also 
bo recorded. This Instruinentatioii will enable 
direct determination of electrical performance mid 
win provide local weatlier data and selected tora- 
peratnre data for conparlHon wltli banle denlBii 
criteria. 

Site Plan and piBtrlbiitioii Syotcni 

A site plan and layout of the power dlntrlbu- 
tlou nyatem is shown In PlBure 3, The pole line 
distribution network haa recently been inatnllcd 
by the PnpSBO Tribal Utility Authority and BencraUy 
follows the water distribution line, thus estab- 
llstilng a utility corridor around tim vlllaEo, 

Tiio ]20 VDC polo line distribution network consists 
of two clrcutts each with two No, 1 ACSIi bare uluml- 
min conductors. One of the two distribution cir- 
cuits provides power for all nppllnnces in tlio 
demcatle services building. The other circuit pro- 
vides power for lights In all the otlier buildings, 

Gonorul Safety Frocnut lonn 

The photovoltaic system hns been designed to 
withstand 100 mph wind conditions. In nddltloil, 
the photovoltnlc system design and Installation 
will conform to National Electrical Codes and OSIIA 
Safety Regulations and specifications, Addltlond 
safety features provided arc listed below: 

1) The array field will be eurrounded by a 6-foot 
lilgli chain-link fence and locked (access by 
sutliorlzcd personnel only) . 

2) Warning signs (HIGH VOLTAGE) will be mounted on 
tlte fence, 

3) System operation will bo monitored and coii- 
trollod nutomntlOnlly . 

4) A sign will be mounted on the pimp indicating 
automatic operation of tbc motor, 

5) A slileld will be provided Cor tils pump motor 
pulley and bolt, 

6) The elec'crloal equipment building will be se- 
cured by a suitable lock with autliorlzed ncccs'/ 
only, 

7) Turblnu ventilators and nu eyewash station will 
be provided in the buttery room of the electri- 
cal uqul;.iicnt building. 


8) Village ]iermiiiitel Involved In monitoring mid 
maintenmieo will be tliorouglily trained to fol- 
low safe operating procedures, 

SUPrOHTlNG ACTIVITIES 
Eiiylrpnmental ImjiaL^t Asuesnineiit 

The I’.nviruiimental Impact Assesrmetu prepared 
tor tblu project concluded that the Installation 
and operation of j phetovoUnie power system In the 
village of Seliiicluili will have no adverse environ- 
mental impact. As such, no Environmental impact 
Statement In required for this project. 

So_C Ip-Ec onora^c S t iidy 

A concurrent study of the soclo-ei'ononilf 
cffectu of introducing the photovoltaic uynten into 
the village of Schi'chull Is being conducted by 
Arizona State University, The study lo divided 
into two parts : a 4~mmitli "banelliie study*' to 

diarnctorlze tho village prior to Initial opera- 
tionj and a 12-montli follow-up ntudy to document 
the impact of the solar cell system on the domestic 
and communal activities within tiie village. 

U sor ICdu cn tlpn Erograin 

All orientation and education progmm will be 
included as part of this project to acquaint the 
residents of Schiiehull and other Tribal pernoiitiel 
with tlie use Sind operation of the pliotovoltalc sys- 
tem including loads, Tills education program will 
be developed by represoiiCiitlves of the Papago Tribe, 
LeltC and the I’HS, The Papago Tribal Utility 
Authority and Papago Constriicclon Company will also 
participate In the orientation activity and will be 
responsible for maintenance and repair following 
coneluslon of the 2-year experiment, 

CONCLUDING REMARKS 

The Seluiclmli P/V village power system I'i now 
In tho fabrication and constnietion phase. The 
experience gained during the design phase j.ndlcatos 
that an all-DC photovoltaic power system Is prac- 
tical for remote sites. There arc available 
appliances which operate from DC and which are 
more efficient than their commercial AC counter- 
parts, System opurntlon Is Bchcdulcd for the Kail 
of 1978, Tills project has gained widespread Inter- 
est and will be Important to the future use of 
photovol talcs. 
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BLOCK DIAGRAM OF SCHUCHULI VILLAGE POWER SYSTEM 
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Figure 2. NASA/LeRC/02/01/78 
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